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Abstract 
Introduction: The porcelain veneer is a relatively conservative means of improving the 
appearance of teeth.  As these restorations are usually highly visible it is essential to 
gain the approval of the patient before final cementation takes place. As a result a 
variety of trial pastes are available that match the shades of the resins that are used 
ultimately to finally cement the veneer in place. Such restorations, by virtue of their 
small size and fragility, are difficult to handle and position. It is therefore important 
that the application of trial paste does not impede placement and retention upon the 
tooth surface at try in whilst the patient assesses its appearance. Objective: To 
determine the rheological properties of three makes of trial pastes (Calibra - Dentsply 
Caulk, USA; Nexus – Kerr, USA; Rely X – 3M Espe, USA) and assess if temperature 
affected these. Design: In vitro rheological measurement. Method: For each product 
the rheological properties of three shades were determined at both 25 oC and 35 oC 
three times. Measurements of both the Initial Yield Stress and Shear Rate Index were 
undertaken using a controlled stress rheometer (Carri-med, Dorking, UK) in flow 
mode with a cone-and-plate test configuration. Results: One way analyses of variance 
of the initial yield and shear rate index for each shade of material at 25 and 35 oC 
demonstrated no significant effects of temperature with the exception of the initial 
yield of Nexus (P = 0.0024) where the yield stress of the white shade was 
significantly (P< 0.01) higher at 35 oC than at 25 oC. In all cases the yield stress for 
Nexus was of the order of 10 times higher than the other materials. All materials 
demonstrated pseudoplastic behaviour. Conclusions: The variation in yield stress 
displayed by the materials will affect the handling of veneers and offers a potentially 
useful choice parameter to the clinician as to which paste bests suits their 
requirements. 
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In brief 
• Veneer placement and retention at try in must not be impeded by trial paste. 
• Variation in yield stress displayed by the materials will affect the handling of 
veneers by the clinician.  
• Such variation offers a potentially useful choice parameter to the clinician as 
to which trial paste bests suits their requirements. 
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Introduction 
The porcelain veneer is a relatively conservative means of improving the appearance 
of teeth. Such restorations have evolved over the past 60 years from the application of 
resin veneers on movie stars, temporarily held in place using denture fixative, (1)  to 
durable porcelain restorations adhesively bonded to tooth (2) available to all. Veneers 
may be used to correct discolouration and restore lost tooth structure. In addition, 
issues of tooth dimension and apparent position may be addressed by the application 
of such restorations. Clearly, as veneers are usually highly visible, it is essential to 
gain the approval of the patient before final cementation takes place. Such restorations 
should therefore be tried in using a try in paste. This allows both dentist and patient to 
evaluate the shape, chroma, hue, value and translucency of the veneer to ensure that 
all aesthetic expectations can be matched. In addition it is known that the cementing 
medium itself can affect the fluorescence of the restoration.(3) As a result a variety of 
trial pastes are available that match the shades of the resins that are used ultimately to 
finally cement the veneer in place. 
 
Such restorations, by virtue of their small size and fragility, are difficult to handle and 
position. Such manipulation is further complicated by the wearing of clinical gloves 
as required for correct cross infection control.(4) This has the effect of increasing the 
grip force above the minimum necessary force required to hold an object.(5) It is 
therefore important that the application of trial paste does not further impair handling 
by making the restoration more slippery to handle. Anecdotal reports from clinicians 
have suggested that they have a personally preferred brand of trial paste and have 
noticed alterations in its handling characteristics in hot weather. This specifically 
relates to a reported increase in the slipperiness of the trial paste making small 
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restorations, in particular, difficult to manipulate. Once the veneer is upon the tooth 
surface at try in the dentist must be able to finely manipulate its position. Thereafter it 
must be retained upon the tooth whilst the patient assesses its appearance. Although 
the rheological properties of a material are acknowledged to have a major influence 
on the handling characteristics of a material (6) no reports relating to veneer trial pastes 
in this respect are found in the literature.  
 
This in vitro investigation therefore sought to determine the rheological properties of 
three makes of trial pastes and assess if temperature affected these. 
 
Methods and materials 
The details of the veneer trial pastes used in this study are contained in Table I. For 
each product the rheological properties of three shades were determined at both 25 oC 
and 35 oC three times. Each test used a fresh sample of trial paste and commenced 
immediately following ejection from the manufacturers dispensing syringe. 
 
Measurements of both the Initial Yield Stress and Shear Rate Index were undertaken 
using a controlled stress rheometer (Carri-med, Dorking, UK) in flow mode with a 
cone-and-plate test configuration. The cone angle (θ) was 2 o and the diameter 20 mm. 
The plate to cone separation was 70 µm. Temperature control of the sample was 
achieved with a Peltier temperature control system located in the plate of the 
rheometer that maintained control to + 0.1 oC. 
 
The operating principle of the rheometer is that a rotatory torque is applied through 
the cone to the test material, on the plate, at discreet regular intervals. The torque 
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arises from the action of an electronically-controlled induction motor on a spindle that 
is itself supported on an air bearing and attached to the cone. The angular velocity 
caused by the torque is measured by a non-contact transducer. In the instrument used 
in this work the user programmed maximum torque setting was divided by the 
controlling computer into 200 equal increments. At time zero, when the flow curve 
started, the drive system of the rheometer was automatically turned on, but the applied 
torque at this instant was zero. The torque was then incremented in 200 steps up to the 
maximum programmed torque. For each increment both the associated new applied 
stress and angular velocity of the cone was computer logged. The shear rate was 
calculated as 
Shear Rate = dγ/dt = Ω/θ 
Where Ω is the angular velocity of the rotating cone and θ is the gap angle between 
the cone and plate. Shear stress (σ) was derived from 
σ = 3T/2πR3cos2θ = 3T/2πR3 
where R is the radius of the cone and T is the total torque. (7) The values of Shear Rate 
and Shear Stress thus obtained were then used to calculate 
• The Initial Yield – this gives a measure of the body or bulk of the 
material 
• The Shear Rate Index – this indicates the ease that the material flows 
when pressure is applied to it. A value of 1 indicates a Newtonian 
material, less than 1 a pseudoplastic material and greater than 1 a 
dilatant material. 
• The Plastic Viscosity Coefficient – this constant gives a measure of the 
materials resistance to flow under the test conditions. When the Yield 
= 0 this value is the viscosity of the material. 
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For according to the Herschel-Bulkley equation 
Shear Stress = Initial Yield Point + A (Shear Rate)B 
Where A is the plastic viscosity coefficient and B the Shear Rate Index. 
   
Results 
Tables II, III and IV summarise the mean Initial Yield and Shear Rate Index for each 
material and shade at 25 oC and 35 oC. 
 
One way analyses of variance of the initial yield and shear rate index for each shade 
of material at 25 and 35 oC demonstrated no significant effects of temperature with 
the exception of the initial yield of Nexus (P = 0.0024). Localisation by a Tukey 
comparison of means demonstrated that in the case of the white shade, the initial yield 
stress was significantly (P< 0.01) higher at 35 oC  than at 25 oC. 
 
Analyses of variance of the pooled initial yield and shear rate index data, for each 
material irrespective of temperature and shade, revealed Nexus to have a significantly 
(P < 0.001) higher mean initial yield than both Calibra and Rely-X as localised by a 
Tukey comparison of means. No significant difference (P > 0.05) was detected 
between the pooled values of shear rate index recorded for these materials. 
 
Figure 1 illustrates a typical shear stress versus shear rate plot for the light shades of 
Nexus and Rely-X and translucent shade of Calibra tested at 25 and 35 oC 
respectively. From these it is evident that the curve shapes are virtually identical. It is 
clear that the yield stress for Nexus is of the order of ten times higher than the other 
products. All the materials tested in this work exhibited pseudoplastic behaviour. 
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For a given product, one way analyses of variance with post testing using the Tukey 
comparison of means, revealed that for different shades tested at the same temperature 
no generally significant (P > 0.05) differences in either initial yield or shear rate 
index. There were however, a few exceptions to this; 
• The initial yield for Nexus white at 35 oC was significantly (P < 0.05) 
higher than for the brown shade at the same temperature 
•  Nexus brown at 35 oC demonstrated a significantly (P < 0.05) lower 
initial yield than Nexus yellow 
• The shear rate index for Rely-X translucent was significantly (P < 
0.01) higher than that observed for the opaque white shade at both 25 
and 35 oC  
• Rely-X shade B0.5 displayed significantly higher values than the 
translucent shade at both 25 oC (P < 0.01) and 35 oC (P < 0.05). 
Discussion 
Although the labial veneer is a restoration that has been provided widely the literature 
contains no information upon the rheological properties of veneer trial pastes. This is 
somewhat surprising in view of the high aesthetic expectations of patients and the 
usefulness of such pastes in assisting the dentist ascertain these prior to permanent 
cementation. 
 
Intuitively one might have expected viscosity to have been the most significant 
property whereby the materials tested could be compared. This was not the case as 
none of the materials demonstrated simple Newtonian behaviour. Each product was 
described by a Herschel Bulkley relationship with a significant yield stress. As the 
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yield stress was likely to be the property most likely to dictate ease of use, and its 
value varied markedly amongst the test materials, this was used as the main parameter 
for interpreting the data. 
 
In the study reported here, all pastes were supplied as a gel in a syringe. Without 
exception each paste clearly displayed pseudoplastic behaviour, as indicated by a 
Shear Rate Index of less than 1, with its viscosity decreasing disproportionately with 
an increase in shear rate. Such shear thinning behaviour is helpful to the dental team 
for it assists in dispensation from the syringe. It also enables the controlled coating of 
the restorations fit surface so that the material does not run once applied. The 
reduction in viscosity that occurs when pressure is applied to the material allows 
seating of the brittle porcelain veneer upon the tooth with no porcelain fracture 
occurring. Although such behaviour is clearly already known by the dental team what 
is perhaps less obvious is the observation, as indicated by the large standard 
deviations of the observed initial yield and shear rate indices (Tables II, III and IV), 
that the previous flow history of the paste within the tube apparently affects these 
properties. Such a hypothesis is plausible if one considers the pastes to be suspensions 
of ceramic like particles in a bulking medium. It is known that ceramic suspensions 
may exhibit both time dependent and shear dependent behaviours simultaneously. As 
a result each change in shear rate adds to the material’s shear rate history and 
produces changes in the measured shear stress, apparent viscosity and equilibrium 
between the gel breakdown and build up rates. (8) An alternative explanation of such 
behaviour is that in transport or storage the paste has undergone phase separation. 
This is certainly known to occur with toothpastes (9) which, like the trial pastes under 
investigation here, consist of abrasive particles in a water-glycerine base dispersant. 
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Although we observed and measured large variations in the initial yield and shear rate 
indices from samples of each paste from the same syringe it appears not to be a 
problem of immediate clinical concern for no mention of it is made in any clinical 
technique textbook. It is therefore of academic interest and of particular significance 
when devising new products for ultimately the preferred handling characteristics will 
influence sales of the product.  
 
From a clinical perspective it is interesting to note that although Nexus had ten times 
the yield stress of the other products tested it, in common with the other materials, 
displayed pseudoplastic behaviour. This therefore offers scope for the clinician to 
select a trial paste on how well they consider it to facilitate the manipulation of a 
veneer at try in. Whilst the pseudoplastic behaviour will facilitate seating the higher 
initial yield and greater viscosity of Nexus may be preferred by some as it may keep 
the veneer more securely in place for patient inspection. Some clinicians may 
however prefer the lower yield stress of either Rely-X or Calibra for this will make 
the positioning of a veneer easier as less force will be necessary to slide it into 
position upon  the tooth’s surface. On the other hand, the veneer may then be more 
readily displaced by the patient’s circum oral musculature making a detailed patient 
assessment of its appearance more problematical.  
 
Conclusion  
1. All materials tested were pseudoplastic. 
2. The yield stress of Nexus was ten times that of the other materials. 
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3. Temperature had no effect upon the measured rheological properties of the 
materials other than for the white shade of Nexus whose initial yield stress was 
significantly higher at 35 oC compared to 25 oC. 
4. There was variation in the rheological properties of the trial pastes tested that 
was perhaps associated with their previous flow history upon extrusion from 
the dispensing syringe. 
5. The variation in yield stress displayed by the materials will affect the handling  
of veneers and offers a potentially useful choice parameter to the clinician as 
to which paste bests suits their requirements. 
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Figures 
Figure 1: A typical plot of Shear Stress (MPa) versus Shear Rate (Sec-1) for the light 
shade of Calibra (C) and white shades of Nexus (N) and Rely-X (R) as measured at 25 
and 35 oC.  
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Table I: The trial pastes investigated in the study. 
 
 
Product Name & 
Shades tested 
 
Batch Number Manufacturer Constituents 
Calibra 
Light 
Medium 
Dark 
 
 
031028-2005-10 
030612-2005-06 
0311201-2005-
11 
Dentsply Caulk, 
Milford, DE, USA 
Glycerine, 
Titanium dioxide 
and amorphous 
silica1 
Nexus 
White 
Brown 
Yellow 
 
 
LOT 210219 
LOT 403354 
Not indicated on 
tube 
Kerr, Orange, CA, 
USA 
Glycerine, water, 
sorbic acid and 
pigments plus other 
additives2 
Rely-X try-in-paste 
Opaque 
Shade B0.5 
Translucent 
 
 
8714AST-2006-
01 
8714BO-ST-
2005-05 
8714TRT-2005-
07 
3M Espe, St Paul, 
MN, USA 
Polyethylene 
glycol resin, 
Zirconia/Silica 
filler and pigments1 
 
1  From manufacturer’s data sheets 
2
  Personal communication  
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Table II – Mean Initial Yield, Shear Rate Index and Plastic Viscosity Coefficient for 
Calibra as measured at 25 and 35 oC using a peak torque of 50K Dyne Cm. 
 
 Dark Shade 
                                
Medium Shade 
 
Light Shade 
(all n = 2) 
 
Initial Yield (MPa)                at 
25 oC 
                                 
                                               at 
35 oC 
 
 
183.0 (67.8)    
 
139.3 (13.8)                                
 
171.1 (45.1) 
 
147.2 (58.9)
 
 
131.3 (16.8) 
 
159.1 (24.8)          
 
 
Shear Rate Index                  at 
25  oC 
 
                                              at 
35 oC 
 
 
.38 (.10) 
 
.35 (.04) 
 
.25 (.00) 
 
.33 (.07) 
 
 
.28 (.01)  
 
.27 (.03)  
 
Plastic Viscosity Coefficient at 
25 oC 
 
                                               at 
35 oC 
 
 
 2185 (734) 
 
1669 (171) 
 
3669 (1188) 
 
2676 (1132) 
 
2166 (687) 
 
1710 (313) 
 
All based upon 3 observations except where n stated. Parenthesised values are the 
Standard Deviation. 
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Table III – Mean Initial Yield, Shear Rate Index and Plastic Viscosity Coefficient for 
Nexus as measured at 25 and 35 oC using a peak torque of 75K Dyne Cm. 
 
 White Shade 
 
Brown Shade 
 
Yellow Shade 
(all n = 2) 
 
Initial Yield  (MPa)                at 
25 oC 
 
                                                at 
35 oC 
 
1004.1  (369.6) 
 
2118.7 (196.3) 
           
 
1253.3 (156.3) 
 
1205.5 (488.8) 
 
1656.0 (215.0) 
 
2089.0 (138.8) 
 
Shear Rate Index                    at 
25 oC 
 
                                                at 
35 oC 
 
.21 (.10) 
 
.16 (.05) 
 
 
.30 (.08) 
 
.46 (.22) 
 
.23 (.15) 
 
.39 (.17) 
 
Plastic Viscosity Coefficient at 
25 oC 
 
                                               at 
35 oC 
 
 
4531 (2128) 
 
3598 (2198) 
 
 
3037 (982) 
 
1494 (795) 
 
7502 (5272) 
 
2492 (950) 
 
All based upon 3 observations except where n stated. Parenthesised values are the 
Standard Deviation.  
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Table IV – Mean Initial Yield, Shear Rate Index and Plastic Viscosity Coefficient for 
Rely-X as measured at 25 and 35 oC using a peak torque of 50K Dyne Cm. 
 
 Opaque 
Shade 
 
 Shade B 0.5 
 
Translucent 
Shade 
 
 
Initial Yield (MPa)                 at 
25 oC 
 
                                                
at 35 oC 
 
 
107.4 (31.5) 
 
 95.5 (11.9)   
 
71.6 (52.0) 
 
55.7 (34.5) 
 
51.7 (6.9) 
 
43.8 (30.0) 
 
Shear Rate Index                    at 
25 oC 
 
                                                
at 35 oC 
 
 
.28 (.03) 
 
.27 (.06) 
  
 
.29 (.08) 
 
.28 (.05) 
 
.47 (.03) 
 
.44 (.04) 
 
Plastic Viscosity Coefficient at 
25 oC 
 
                                               at 
35 oC 
 
 
1959 (179) 
 
1412 (564) 
 
1980 (811) 
 
1314 (323) 
 
796 (79) 
 
533 (114) 
 
All based upon 3 observations except where n stated. Parenthesised values are the 
Standard Deviation. 
 
